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Fig．１ Relationship between shunt flow and duration of postoperative
intubation. The infants with duct-dependent congenital heart
defects underwent themodified Blalock-Taussig shunt. The
suitable flow is estimated to be７０-９０ml/kg/min.
Fig．２ Simplified rigid model of Norwood procedure. R１repre-
sents constant systemic vascular resistance, and R２rep-
resents changeable pulmonary vascular resistance. AP :
























































Fig．３ Relationship between the experimental pulmonary blood
flow and pressure gradient : 2.0, 2.2, 2.4, 2.6, 2.8 and 3.0 show
the diameter of holes ; 3.1-20, 3.1-30, 3.1-40, 4-20, 4-30 and 4-
40 show the diameter and the length of thin ducts.
Fig．４ Preparation of a canine model of the univentricular heart.
Atrial septectomy and patch closure of tricuspid valve an-
nulus were done under１８℃ hypothermic cardiopulmonary
bypass with circulatory arrest.





















































Fig．５ Relationship between the diameter of the small aortic root
of the patients with interrupted aortic arch and ventricu-
lar septal defect and postoperative course after complete
repair without a systemic outflow tract reconstruction. Only
one patient (*) with an aortic root with a diameter of less
than６５％ died due to low cardiac output syndrome. ISP :
isoproterenol ;

























































































































Fig．６ A hemi-Fontan procedure and consecutive Fontan procedure using lateral
tunnel method are illustrated.
Fig．７ Changes in ventricular geometry (ventricular mass-to-volume
ratio=PWTh/Dd) early after hemi-Fontan procedure and
consecutive Fontan procedure are followed by echocardiography.
PWTh : posterior wall thickness ; BSA : body surface area ;
Dd : ventricular internal dimension at end-diastole, HFP :
hemi-Fontan procedure ; FT : Fontan procedure.
Fig．８ A simplified explanation of the rationale and potential ben-
efit for the staged Fontan strategy using the interim hemi-
Fontan procedure. Gray areameans systemic ventricular wall
in a short axis view. Acute changes of the ventricular ge-
ometry occur according to the degree of each volume re-
duction. Painted arrows mean moving easily, and a hatched
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SUMMARY
Since Fontan’s exploit over 30 years ago, a number of important advances relevant to
the Fontan strategy could be achieved as being variations in the technique of anatomical con-
nection of the systemic venous circulation to the pulmonary arteries and variations in
staging of the Fontan procedure. Innovative Norwood procedure and its concept as a first
stage of palliation to Fontan circulation have been equivalent to Fontan’s exploit, and have
produced the “current” philosophy of pushing patients into Fontan physiology early in life
with hemi-Fontan procedure or bidirectional Glenn shunt.
The aim of the first half of our present study is to determine the optimal size and tech-
nique for construction of the systemic-to-pulmonary arterial shunt which will provide suit-
able pulmonary blood flow in first-stage Norwood palliation for hypoplastic left heart syn-
drome in neonates. A prosthesis of 3.0 or 3.5 mm in diameter arising from the brachiocephalic
artery would be acceptable and can be recommended for first-stage Norwood palliation in
small infants. Although many complicated factors are concerned in the regulation of pul-
monary blood flow, the fundamental strategy is to create a necessary and minimal systemic-
to-pulmonary arterial shunt in the first-stage Norwood palliation, and then to proceed swiftly
with a second-stage hemi-Fontan procedure.
It remains to be determined whether all children should undergo an intermediate hemi-
Fontan procedure or bidirectional Glenn shunt prior to their Fontan completion. In my per-
sonal opinion, the several advantages of the hemi-Fontan procedure seem to be weighed a-
gainst its disadvantages. It is our current practice to perform an intermediate hemi-Fontan
procedure in staging of the Fontan strategy of the patients with some risk factors. Al-
though we generally have waited 6-8 months after a hemi-Fontan operation for a Fontan
completion, we would like to perform an early Fontan completion a few months after hemi-
Fontan procedure to shorten the period of partial Fontan circulation and get nearly normal
oxygen saturation. Careful follow-up and further investigation will be necessary to deter-
mine the most optimal management guidelines for the Fontan circulation.
Key words : Norwood palliative surgery, pulmonary blood flow, staged Fontan strategy,
ventricular geometry, normal oxygen saturation
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